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ABSTRACT
This paper presents a systematic approach for selecting an
origami pattern for deployable space array applications. A wide
variety of origami patterns exist, thereby introducing a daunting
task to decide on which pattern is most suitable for the application at hand. Similarly, different space missions present varying
requirements. The focus of this paper is to provide aerospace engineers and designers with a framework for identifying optimal
origami source models for space array applications.
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INTRODUCTION
Origami has influenced product development throughout the
past several years. The principles of paper folding have provided
novel approaches for engineers to create physical and functional
products. From solar arrays [1] to medical devices [2], origamiinspired systems have diversified the design process for designers
around the globe.
Designing origami-based space arrays can become a daunting and confusing task. It requires a deep understanding of
origami behavior and the ability to correlate such behaviors to
the application at hand. A challenge posed by origami design
is deciding which parameters and values will yield the required
results. Whether it be to achieve high packing efficiency or reconfigurability, designers are left with the task of deciding which
origami parameters will be most suitable for their needs. One
critical part of the selection process is finding the best origami
source model. Without a systematic framework, one can easily
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become overwhelmed with the measure of design variables and
parameters.
The goal of this paper is to provide engineers and designers
a guiding structure for selecting a base origami pattern to later be
optimized and adapted for the application at hand.

2

BACKGROUND
Deployable space arrays, whether they be used as solar panels [3], reflectarrays [4], sunshields [5], or telescopes [6], are designed to achieve a high ratio of deployed area to stowed volume.
This is necessary to maintain spatial efficiency in the payload
area of the spacecraft the array launches in. Maximizing this ratio is difficult, as larger deployed sizes pose complications with
stowing the array within the spacecraft prior to deployment. One
solution to this challenge is the use of origami-based design [7].
Morgan et al. created a preliminary process for origamiadapted design (Figure 1). This process provides a strong foundation for designers seeking to create an origami-based system.
Origami-based systems have been categorized into three separate
classifications: applied, adapted, and inspired [8]. Systems that
have a direct link to origami are classified as origami-adapted.
This classification suggests the ability to modify the pattern,
accommodate for thickness, and use non-paper-like materials.
As a result, most space systems fall under this category. Morgan’s aforementioned approach for designing origami-inspired
aerospace mechanisms delves broadly at the design process used
to go from origami pattern to origami product. However, while
1
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for Origami-Adapted Design
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- Deﬁne constraints and requirements
- Evaluate starting criteria
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- Mathematical model
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FIGURE 1: A preliminary design process for origami-adapted de-

sign proposed by Morgan et. al [8]. This edition focuses solely
on the the steps highlighted in green.

this process offers a holistic approach for designing origamibased systems, it must be further decomposed into detailed subapproaches. As such, the focus of this work will lie within the
”Origami Solution” component - particularly on ”Find origami
source model.”

3

SELECTION PROCESS
Morgan’s approach for designing aerospace mechanisms is
seen in Fig. 1. The focus of this paper will delve into ”Find
origami source model.” The goal of this work is to facilitate the
selection process for selecting an origami pattern for a deployable space array application. This will be presented through a
similar, but more in depth, approach as presented by Morgan.
Figure 2 presents a design network of events (activities and
outcomes) that must take place to select an origami source model
for a deployable space array. Mattson and Sorensen developed
this approach as a tool for teams to customize a network specific
to the project needs. As mentioned in their book, nodes represent
design outcomes and arrays represent design activities. Solid arrows indicate independent relationships that must be sequentially
executed, while dashed arrows represent interdependent relationships where the outcome of one activity affects the other. This
network provides a guide for engineers and designers to successfully find a suitable origami source model. The following sections provide deeper synthesis for the proposed design network.

3.1

Pattern Requirements
The first step involves defining requirements specific to the
mechanics of the zero-thickness origami pattern. This excludes
any requirements that relate to external subsystems such as deployment, environment, materials, and more. For example, the
array may need to extend a certain distance away from the sensor once deployed, however this requirement is not relevant when
deciding on the seed origami pattern. As such, it is necessary to
deduce the original system requirements into ones that only pertain to the mechanics of the space zero-thickness crease pattern.
It is important to note that these requirements will be specific to
the application.
3.2

Pattern Candidates
Once requirements have been determined, the next step
in the design network involves determining pattern candidates.
While several origami creases exist, not all are transferable to
space array applications. It is beneficial to explore through literature searches the history of space arrays used in the application at
hand. This case-specific step is critical in gaining an intuition for
how to proceed. Although an exactly similar application may not
be found through literature searches, an understanding of similar
missions or origami applications may be encountered.
A brief repository of patterns used in engineering applications can be found in Fig. 3. This list can be used as a starting
point for this step in the design process.
3.3

Analysis
In parallel to creating a candidate solution set is the practice of developing metrics and guiding equations based on the
requirements set in (1). These metrics should provide a starting
point for analytical models to further be developed. Once a candidate set of pattern metrics have been established, equations must
be created to examine relationships between patterns and their
parameters.
The goal of this step is to create metrics that can be transferable across the candidate patterns in order to ensure a fair comparison. As such, it is desireable that non-dimensional relationships are formed. Nonetheless, it may be the case that modifications must take place in order for the metric to be fairly analyzed
for each pattern.
While it is favorable to quantify each metric into an analytical equation, some metrics may be subjected to binary (yes/no)
or intuitive decision making.
3.4

Decision
The last steps in the design network involves reducing and
converging. Reducing comes once a candidate set of patterns and
metrics have been evaluated. Using the equations developed from
the metrics, each pattern should be analyzed and metric values
2
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FIGURE 2: Design network created to facilitate the process of selecting an origami source model. Activities are denoted through solid

arrows, and outcomes are denoted through circular end points. Process inspired by Mattson and Sorensen [9].

should be recorded in a systematic manner. This serves as a preliminary reduction method to simplify the final selection process.
This process involves utilizing a decision analysis tool to rate and
score the pattern candidates, while also aiming to improve the
candidates or equations to ensure a fair consideration between
patterns is conducted. It is important to note that if a clear decision can be made through ratings, activity I can be omitted.
Outcomes 9 and 10 are interdependent because they rely on each
other to ensure the final, and most promising, set of patterns are
being contested based on decision analysis tools and pattern refinement. Lastly, the last step is to select the strongest origami
pattern based on the previous analysis.

4

EXAMPLE CASE
The example case provided will demonstrate the process described through Fig. 2 and the aforementioned steps. The appli-

cation will involve the one-time deployment of a LiDAR deployable telescope to be sent as a secondary payload.
4.1

Pattern Requirements
A set of subsystem pattern requirements have been selected
to help identify the most optimal pattern for a LiDAR telescope
application. These requirements may have an effect on other
parts of the design process, but they are also pertinent to this
step because of their effect on pattern capabilities.
1. The pattern must approximate circularity
2. The pattern must deploy to a 1 meter diameter from a 0.5m
x 0.5m x 0.3m volume
3. The panels contained in the pattern must approximate circularity
4. The pattern must utilize a minimum number of unique panels
3
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FIGURE 3: A repository of common origami patterns used in engineering applications.

4.2

Pattern Candidates
After conducting a brief literature search and exploring different deployable telescope applications in space, a set of candidate patterns have been established. These patterns include:
Flasher, Hexagon, and Square Twist. The Flasher has been examined in work performed by [1] to be used as a solar panel
configured in space. A deployable regular hexagon has been analyzed as a potential pattern used in deployable origami reflectarrays [10]. Lastly, the Square Twist pattern has shown potential in
providing reconfigurable states of origami antennas, as seen by
Wang et. al [11].

4.3

Analysis
Using the established requirements, a set of defining metrics
and equations have been created and are described in the following sections. It is important to note that at this stage, these metrics should be crease-pattern specific. Meaning, thickness should
not be considered. This step should be iteratated on in the future to examine if still applicable once further design decisions
such as seed pattern modifications and thickness acommodation
techniques are implemented.

4.3.1 Circularity Circularity is a metric that will aim to
compare the candidate patterns selected based on Requirement 1.
The equation used to analyze this metric can be described by:

η=

Area pattern
Areacircumcircle

(1)

This equation guides the analysis towards a nondimensional
and simple approach for comparing the area of the pattern to the
circumcircle area created by the outermost vertices of each pattern.
4.3.2 Deployment Factor The deployment factor facilitates the measure of Requirement 2. Equation 2 compares
the areal deployment factor between the pattern’s deployed and
stowed states. This metric focuses solely on the side of the pattern that faces parallel to the sensor once deployed, and fits parallel to the compartment opening while stowed. This allows for
thickness requirements to be neglected at this stage in the process. A comparison of both states can be seen in Fig. 4.

γ=

Areadeployed
Areastowed

(2)

4.3.3 Panel Circularity LiDAR telescopes exhibit
greater optical efficiencies using circular apertures. As a re4
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ists for this metric as it is simply a count of distinct panels within
a pattern.
4.4

CONCLUSION
Selecting an origami source model necessitates structure and
intuitive understanding. By following the design network proTABLE 1: Pugh Decision Matrix used to compare the results of
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each pattern’s competency against a set of design metrics. Three
represents the highest score. One represents the lowest score.
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sult, one important requirement for this case study is the use of
circular-aperture panels. It is desireable to choose a pattern that
optimizes individual panel circularity. For this application, this
requirement also helps with manufacturing processes of the material that will be used for each aperture. To quantify this metric,
Equation 3 established a nondimensional relationships between
panel area and its circumcircle area, similar to Equation 1.
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Decision
The last step in the design network is to decide on the source
origami pattern. This step may involve several iterations dependant on ongoing changes in requirements. Nonetheless, this example case study uses the metrics and equations developed in
the Analysis step to rank the three patterns. Once values were
obtained for each pattern, scores between one and three were assigned for each pattern’s ability to meet the requirement, with
one being the lowest score and three being the highest score. In
addition, each metric was subjected to a weight value indicating
its importance. This simplified Pugh Decision Matrix is recorded
in Table 1.
The pattern with the highest score was the Flasher. A zerothickness crease model can be seen in Fig. 5. Although it ranked
lowest in two of the four metrics, the Flasher’s high level of circularity and deployment factor caused it to outweigh its competitors. At this point in the process, the designer should analyze the
results and observe the confidence of the results. If at this point
the results are not convincing, it may be necessary to go through
the design network steps again and make modifications. For example, perhaps there are other subsystem requirements that have
been overlooked and may now need to be placed in this analysis.
Or, weight values may need to be adjusted depending on how
important each metric truly is.

(3)

4.3.4 Number of Unique Panels The last metric
used to compare patterns is the number of unique panels. For this
application, it is desirable that panel uniqueness is minimized as
to ensure ease of manufacturing. This directly affects the pattern
selection process because some patterns exhibit a variety of different panel geometries, sizes, and dimensions. No equation ex-

Total Score
5
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posed in this paper, it is expected that readers not only understand
the design process, but also gain an understanding of origami applications in space arrays.
As observed in a variety of design process literature, requirements are critical in setting a baseline approach for how to select
a concept. This task is no different. However, this stage requires
the system requirements to be decoupled into smaller subsystem requirements that pertain only to the origami crease pattern.
Factors such as deployment methods, environment, and materials must not be considered yet. If possible, these requirements
should not attribute thickness in the system either.
Pattern candidates can be observed through literature
searches, research exploration, or at a minimum by utilizing the
repository provided in Figure 3. Next, analysis can be divided
into two categories: metrics and equations. Requirements lead to
metrics, and metrics must be represented by equations. As noted,
it may be difficult to create general equations that can be used
for every pattern. It is therefore suggested that careful consideration be taken in this step to ensure fair comparisons. If necessary,
equations can be altered to fit the context of the pattern.
Lastly, the decision making process should be a result of
the analysis performed in the previous step. This step should utilize as much unbiased, quantitative analysis as possible. The tool
presented in this work to accomplish this task is the Pugh Decision Matrix. As noted, this step should be iterative. Once the
matrix provides a winning concept, intuitive analysis should then
be used to judge the candidacy of the result.
The design tools presented in this paper, including Morgan’s
design process, a design network, and a Pugh Decision Matrix
facilitate a systematic approach for selecting an origami source
model. As a result of this work, engineers and designers may
customize these tools to suit their design needs and application
requirements. Further work involves testing this framework on a
variety of different space array applications.
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